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COMPLETE SPECIFICATION 



Improvements in or relating to 

We, Douglas Haboi^d Tomlin, B.Sc.j 
of Admiralty Signal Establishment, 
Lythe Hill House, Haslemere, Surrey, 
and Csaex^es Seymour Wright, C.B., 
5 O.B.E., M.C., M.A., Director of Scienti- 
fic Research, Admiralty, London, S.W.I, 
both o£ British Nationality, do hereby 
declare the nature of this invention and 
in what manner the same is to be per- 
10 formed, to be particularly described and 
ascertained in and by the following state- 
ment : — 

This invention is for improvements in 
or relating' to tunable wave-guide detec 
16 tors, particularly for use at centimetre 
wave-lengths, for the -measurement of 
impedance, wave-length and loss in a 
rectangular wave-guide by measurement 
of H 10 waves. 
20 A tunable wave-guide detector, particu- 
larly for use at centimetre wave-lengths 
comprises, according to the invention a 
thin probe wire having one end arranged 
so to project into a rectangular- wave- 
25 guide under test as to pick up H 10 wayes 
and the other end extending axiallv 
through a fixed flat end o£ a cylindrical 
resonant cavity so as to excite the cavity 
in the E 0 mode, and a circular piston 
80 forming the second flat end of the 

drical resonant cavity . - and. movable 
axially therein, in combination/ with a 
detector coupled to a second thin probe 
wire movable with the'circular piston and 
85 projecting therethrough into the ^cylin- 
drical resonant cavity. . ■_■ * - .. -:. 

The main advantage of a .detector 
according to the invention over known, 
resonant cavity detectors is in the use of 
40 a particular mode of resonance which 
permits the coupling . probes . to ' be 
arranged in such a manner that each pro- 
jects normally through one encl of a cylin- 
drical resonator. As one end of the reson- 
45 ator is fixed and the other end is formed 
by the face of a movable piston, the probe- 
associated with the piston moves as the 
piston is adjusted for tuning purposes 
and, therefore, both coupling -probes are 
60 always in the optimum positions. -This 
arrangement provides greater sensitivity 
over a wider waveJength band than in 
detectors where the tuning pistons are 
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adjustable independently of . fixed 
coupling probes.. . - 65 

In the present arrangement there is 
only one sliding contact surf ace namely, 
that between the piston and the wall of 
the cylindrical resonant cavity and since 
no surface currents flow in the vicinity of 60 
the contact it is not necessary for a 
particularly good electrical contact to be 
made. Moreover, the arrangement accord- 
ing to the invention enables* the detector 
to be so designed a&to provide, a. rigid 65 
mechanical mounting on the wave-guide 
under measurement and to be of generally 
strong construction. 

In order that the. invention may be 
readily understood an example thereof 70 
will now be described with reference to 
the accompanying drawings in which: — 
Figure 1 shows diagrammatLeally the 
position of a probe wire in relation to the 
rectangular wave-guide under test in 76 
order to detect H a0 waves ; . 

Figure 2 is/a part sectional view of a 
tunable detector- constructed according to 
the invention; . 

Figure 3 shows in detail a contact 80 
arrangement employed in Figure 2 ; and 
. Figures 4 and 5 indicate the method of 
mounting the detecting crystal in the 
arrangement illustrated in Figure 2. 

As stated above it is desired to 86 
measure H 10 waves in a rectangular wave- 
guide and a probe wire is therefore 
inserted in the wave-guide in a direction 
parallel to the Y-axis and enters it 
through a longitudinal slot cut in the 90 

... . j- . -. a 

wall of the guide iu the plane S = — , as 

2 

shown in Figure 1 where a is the length 
of ihe larger side, of the rectangular wave- 
guide. Referring to Figure 2, a rect- 
angular brass block is cut at one eiul as to 95 
form. a bridge 1 for fitting over the rect- 
angular wave-guide under test, not shown. 
The other end of. the brass block is drilled 
so as to form a cylindrical cavity 2 separ- 
ated from the wave-guide 7 cavity 1 by a 100 
metal plate 3 of a thickness just sufficient 
to provide* the " necessary mechanical 
rigidity. A small diameter hole is bored 
through the centre of .the metal plate 3 
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ande an exciting probe wire 4 is fixed 
therein bo as to project into both the 
wave-guide space 1 and into the cylin- 
drical cavity 2. The probe, wire 4 is sup- 
5 ported _ in a thin disc oi insulating 
material - screwed to the plate 3. The 
wave-guide is provided with a probing 
slot m kown manner and the underside 
the plate 3 is provided with a rect- 
10 angular projection 5 along the centre 
thereof having a width and depth such 
that it fits into the wave-guide probing 
slot with the edge thereof level with the 
1: ?^ er &ux f ace of the wave-guide^ The 
lo object of this projection is to .screen the 
probe wire 4-. from the sides of the slot. 
A circular piston 6 is mounted within the 
cylindrical resonant - cavity 2 and is 
. adjustable along- the axis oi the cylinder 
mil as . to Permit the- cavity to be- tuned. 
The piston 6 is attached to a circular tube. 
7 which is screw-threaded on the outer 
surface thereoland in-conj unction with a 
_ correspondingly: screw-threaded bush 8 
25 .enables the -piston to be moved axially 
within the resonant cavity 2.: A crystal 
or other suitable detector 9 is mounted 
within" the tube 7 and is: joined to a 
second probo wire- 10 projecting axially 
ov through -the piston into the resonant 
cavity, (rood contact between the piston 
6 and the walls of the resonant cavity 2 is 
obtained by the use of a hardened contact 
m ^her 11 made of " beryllium ' copper 
_«o soldered around the circumference of the 
piston . One edge of the contact member 
U is provided with- contact - teeth, as 
shown in Figure 3, each of the teeth 
ah dimpled so as to make close contact 

40 with the inner surface of the resonant 
cavity 2* The strip of metal forming the 
contact member ;ll is -bent into a ring - 
around the circumference of the piston 6 
■ and thereafter hardened and soldered into 
46 position so that the dimples on the teeth 
bear on/to the wall of the cylinder under 
the spring action of the hardened beryl- 
lium copper. :.. : - ... -• . 
The crystal 9 is mounted "in a holder 12 
60 shown in more detail in Figure 4 the 
holder being>in the f orW bf a brass tube 
which : is a sliding fit . in the circular tube 
7, The crystal pin 13 fits into a small cup 
14 soldered to the end of the crystal probe 
55 wire- 10 which extends through a sinall 
-hole drilled in a thin brass step 15 
soldered to the lower- end : of the holder 12, 
the brass strip 15 having such impedance 
at high-frequency that it does not form 
. 60 a short-circuit between the holder 12 and 
the cup 14. " The crystal is connectejl so 
as to carrv the rectified currents in the : 
manner illustrated in;3£igUTe 5; A single 
. cored screened lead 16 is connected to two 
8$ brass discs'17 and 18-separated by a mica 



disc 19, the inner core being soldered to 
the lower brass disc 18 and the outer 
sheath being soldered to the upper brass 
disc 17 and the discs being so dimeh- 
^ ne d n *hat they fit into the crystal holder 70 
12. The upper part of the holder 12 is 
internally screw-threaded and a screw 
having a small axial hole therein to 
accommodate the screened lead 16 is fitted 
therein so that when screwed down on top 75 
of the brass disc 17 it presses the lower 
disc 18 into contact with the head of the. 
crystal 9. the latter being insulated from 
the holder. 12 by an- ebonite- washer 20 
and the lower -brass diso 18 being 80 
insulated from the- holder 12 by a small 
air gap. Thus the two brass discs 17 and 
IS separated by the mica disc -19 form a - 
condenser which provides - a -low imped- 
ance path for any high-frequency"*cur- 86 
rents not completely rectified by the- 
crystal ; and the brass strip J.5,, which con- - 
iiects the crystal pina3 with the holder 
12, provides a return path for the-recti- 
fied current. - qq 

The underside of the wave-guide space 
1 is provided with four spring-loaded ball ' " 
bearings, two of which are shown in 
Figure 2, for providing a convenient 
sliding bearing, for the wave-guide under - 95 
test. 

In operation, the cavity 2 resonates at 
a wave-length A when the piston 0 is 
adjusted to limit the length of the eylin- 
nX 

der to -p when n is a positive -integer, ioo 

It is thus possible to tune the cavity to- 
wave-lengths in at least : two different 
ranges. In one range, -corresponding to- 
n=zl, the - cavity resonates at " a wave- 

\ ■ - " 

length — *and in a second range, where 105 

2 .- ■ 

»=2, at" a wave-length^ A* 

In addition to the tuning adjustsment 
effected bv the movement of the piston 6 
the crystal holder 12 is free to slide with- 
in the circular tube 7 so that the effective 110 
length of the crystal probe wire 10 is 
also variable and in - this" manner the 
degree of coupling between the resonant 
cavity 2 and the crystal 9 could be con- 
trolled. In practice, it is found that this 115 
adjustment assists the tuning of the 
cavity 2 and is useful as a preliminary 
setting before; the tuning is finally 
adjusted by means, of the piston 0, opti- 
mum response being obtained by alter- 120 
nately adjusting the degree of coupling 
and the position of the piston 6*. 

j - M _f x citing probe wire 4 is not 
adjustable in length and is preset by 
experiment to give maximum response at 126 
the centre of the* wave-length band to be 
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employed a 'different . length being 
required if the range were changed from 
half-wave to full-wave resonance as 
stated above. . Generally however , the 
length of probe wire 4 projecting into 

A 

the resonant cavity 2 should be about — 

- 8 

but the variation of its length as the 
wave-length is varied over a. reasonable 
band will " be quite small. 

Having now particularly described and 
ascertained toe nature of our said inven- 
tion and in what manner the same is to 
be performed, we declare that what we 
claim is : — 

1. A tunable wave-guide detector, 
particularly for use at centimetre wave- 
lengths, comprising a thin probe wire 
having one end arranged so to project 



20 



into a rectangular wave-guide under test 
as to pick up J4 10 waves and the other end 
extending axiaLLy through a fixed flat 
end of a cylindrical resonant cavity so as 
to excite the cavity in the E 0 mode, and 
a circular piston forming the second flat 
end of the cylindrical resonant cavity 86 
and movable axially therein, in combina- 
tion with a detector coupled to a second 
thin probe wire movable with the circu- 
lar piston and projecting therethrough 
into, the cylindrical resonant cavity. 

2. A tunable wave-guide detector con- 
structed, arranged and adapted to operate 
substantially, as hereinbefore described 
with reference to the accompanying 
drawings. - 

Dated this 2lst day of February, 1945. 
E. FIDLAK, 
Acting for the Applicants. 
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